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Abstract
Findings from both human and animal studies suggest rapid eye movement (REM) sleep
disturbances following a traumatic event can lead to inability to extinguish the fear association, and
eventually influence the development of post-traumatic stress disorder (PTSD). Additionally, research has
demonstrated that sleep disruptions, including REM sleep deprivation (RSD), increases anxiety- and
depressive-like behaviors and states in animals and people, with evidence of sex differences. Furthermore,
it has yet to be determined whether short-term RSD, a more natural animal model of PTSD, can influence
affective state of subjects. The present study applied short-term RSD to investigate sex differences in the
relationship between sleep and anxiety- and depressive-like behaviors. Consistent with previous studies,
short-term RSD was hypothesized to increase anxiety-like behaviors in the EZM in female subjects, in
addition to significantly affecting depressive-like behaviors in both sexes in the FST and SPT. For 5
consecutive days, male and female rats were exposed to 6 hours of either RSD or control condition (8
male and 8 female per sleep condition) prior to a 2 hour SPT session. RSD was accomplished by utilizing
the flowerpot method, which allowed subjects to undergo non-REM (NREM) sleep, but prevented them
from entering REM sleep. On the final day of sleep manipulation, subjects were assessed in 5 minute
trials using the elevated zero maze (EZM) and forced swim test (FST) following the sleep session. The
dependent measures were start latency, head dips, stretch-attend postures, and percentage of time in
closed areas for the EZM, as well as duration of and latency to immobility for the FST. In order to
evaluate for delayed effects of RSD, the SPT continued for another 5 days, while sleep was undisturbed.
Results revealed no effect of RSD on anxiety-like behaviors in the EZM or depressive-like behaviors in
the FST. However, male rats displayed greater depressive behaviors in the FST than female subjects.
Therefore, the first two hypotheses were not supported, since sleep condition did not affect anxiety- or
depressive-like behaviors. However, male RSD rats exhibited immediate and delayed effects in the SPT,
although these were transient-lasting, which partially supports the third hypothesis.
Keywords: sex differences, REM sleep, PTSD, anxiety, depression
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Introduction
Sleep is a ubiquitous and functionally important behavior that has persisted in evolution.
It occurs in diverse environments and can vary when observed in different species. Although
there are variations in sleep across species, there are specific aspects that remain the same,
including the presence of distinguishable sleep stages (Alkadhi, Zagaar, Alhaider, Salim, &
Aleisa, 2013). In most species, sleep can be divided into rapid eye movement (REM) and stages
1-4 of non-REM (NREM) (Alkadhi et al., 2013). Since sleep is a behavior observed across
species, there is an indication that it serves an important purpose. Therefore, researchers have
developed interest in assessing the role of sleep, which is most commonly done in one of two
ways: examining the impact of sleep deprivation or measuring sleep after a certain event, such as
learning or exposure to a fear-inducing stimulus. The impairment of specific behaviors or
functions after sleep deprivation or alterations in sleep patterns can suggest a possible role of
sleep.
The Important Functions of Sleep
Sleep deprivation studies with both humans and animals have determined that sleep is
critical for metabolic and cognitive functioning of brain areas involved in learning, memory, and
emotion, such as the hippocampus, amygdala, and prefrontal cortex (Alkadhi et al., 2013).
Additional studies have examined the physiological effects of REM sleep deprivation (RSD).
Hipólide and colleagues (2006) conducted research using experimental animals to observe the
effect of RSD on energy and body composition, including whether the changes can be reversed
following sleep recovery. The findings suggest that RSD for four days can result in major energy
and weight loss (Hipólide et al., 2006). In addition to biological changes following sleep

deprivation, studies have shown that sleep is important for memory, as well (Sara, 2017; Poe,
2017).
In regards to the relationship between sleep and memory, there is some indication that
REM sleep can influence various aspects of memory. One involvement includes the
consolidation of procedural memory, which is the type of memory that is used when performing
certain tasks or executing specific actions without always involving conscious awareness of the
past experiences when learning them (Sara, 2017). Findings from animal studies have established
that increased REM sleep is linked to better retention of a procedural task (Sara, 2017). In
addition, studies with human participants have revealed that sleep spindles increase in sleep
following the learning of new words, demonstrating a reciprocal relationship between semantic
memory and sleep (Tamminen et al., 2013). This finding indicates the critical role of sleep
spindles in memory consolidation. Furthermore, research shows that REM sleep serves to
maintain or strengthen memories (Poe, 2017). Research by Hunter (2018) has shown that after
RSD, male rats conditioned to pair the simultaneous presentation of a light with a foot shock
were still displaying fear to the light, even after the foot shock was not present anymore. In other
words, the study displayed that RSD impairs extinction of conditioned fear in male rats.
However, there was no effect of RSD in female rats (Hunter, 2018). These several studies
highlight the importance of REM sleep in order to produce accurate restructuring of the memory
network through a reconsolidation process. Disturbances to these particular sleep stages and the
normal sleep-wake cycle may contribute to cognitive deficits in various psychological disorders.
Furthermore, research has demonstrated that sex differences in sleep can vary based on the
estrous cycle, such that female rats were experiencing less time in NREM and REM sleep, but
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more time awake during the proestrus phase of the estrous cycle when compared to other estrous
phases and male subjects (Swift et al., 2020).
The Relationship of Sleep to Anxiety and Depression
Research indicates that sleep deprivation has effects on affective states, specifically
anxiety and mood. The links between sleep and affective states can be investigated in various
ways. With human participants, researchers will often examine the correlational relationships
between sleep and affective states. By doing so, they can collect data regarding the amount of
sleep an individual receives, as well as the frequency and severity of anxiety and/or depressive
symptoms. Another method often used is evaluating the sleep quality and quantity in individuals
diagnosed with an affective disorder.
However, if researchers are interested in determining causal links, they will often induce
sleep deprivation. When researchers induce sleep deprivation in human participants, they will
then examine the effects on the affective states, usually by collecting subjective responses.
However, sleep deprivation studies are more common in animal research, since it is more
feasible to produce sleep deprivation in experimental subjects. When animal subjects are sleep
deprived, researchers evaluate their behaviors to assess for the presence of anxiety- and/or
depressive-like behaviors. These behaviors are analyzed with various behavioral tasks to be
described later in detail. For the most part, studies with both animal subjects and human
participants have demonstrated a relationship between sleep, anxiety, and depression (Pires,
Tufik, & Anderson, 2015).
Effects of Sleep Deprivation on Anxiety and Mood in Non-Clinical Populations.
Previous research has investigated the effects that sleep disruption can have on individuals
without a psychological disorder. Minkel and colleagues (2012) demonstrated that participants
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who were assigned to undergo one night of total sleep deprivation experienced higher levels of
negative affect than individuals who received an uninterrupted night of sleep, indicating a link
between sleep and anxiety. Another study assessed the impact of one night of total sleep
deprivation on affect in adolescents and adults, and found that participants in the sleep
deprivation group had less positive affect when compared to the group that received a full night
of sleep (Talbot, McGlinchey, Kaplan, Dahl, & Harvey, 2010). Furthermore, participants
reported a greater increase in anxiety during a stressful task and perceived the possibility of
calamities more likely to occur when sleep deprived compared to when rested (Talbot et al.,
2010).
Thatcher (2008) found a trend towards higher subjective reports of depressive symptoms
for college students who reported having occasional single nights of sleep deprivation. Another
study found that sleep extension, which consists of gradually increasing nightly sleep time,
significantly decreased subjective reports of depressive symptoms in adolescents (DewaldKaufmann, Oort, & Meijer, 2014). Researchers have also conducted longitudinal studies
assessing the relationship between sleep and depressive symptoms. Research suggests that
among young women, the presence of chronic sleep deprivation could influence a greater risk of
major depression, indicating a gender-specific effect (Conklin et al., 2018). Therefore, findings
from human studies seem to imply a causal relationship between sleep disturbances and negative
affect, with the presence of sleep disturbances producing an increase in anxiety and depressive
symptoms. Furthermore, these findings indicate a difference between how sexes are affected,
with female participants having a higher risk of developing major depression.
Sleep, Anxiety, and Depression in Clinical Populations. In both children and adults,
sleep disturbances are commonly observed with anxiety and related disorders, and recent
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research proposes that sleep disturbances may predict the development of an anxiety disorder
(Cox & Olatunji, 2016). Studies using both objective and subjective sleep measures indicate
sleep disturbances in individuals with generalized anxiety disorder (GAD), specifically a
decreased amount of time asleep, an increased amount of time to fall asleep, and variations in
non-REM sleep compared to healthy controls. Additional research has observed an increase in
sleep problems in individuals with GAD compared to other anxiety disorders (Cox & Olatunji,
2016). When comparing individuals diagnosed with GAD to those without an anxiety disorder, it
was discovered that people with GAD had significantly higher sleep dysfunction than healthy
controls (Tsypes, Aldao, & Mennin, 2013). Moreover, panic disorder (PD) is correlated with
difficulty sleeping, which suggests that higher levels of anxiety sensitivity is associated with
sleep disturbances in individuals with PD (Hoge et al., 2011). Taken together, these findings
point to a connection between sleep disturbances and anxiety.
Furthermore, one study examined the association between sleep deprivation and
depression by collecting baseline data and following up with the same participants a year later
(Roberts & Duong, 2014). Results showed that individuals experiencing sleep deprivation,
categorized as less than 6 hours of sleep a night, were more likely to report depressive symptoms
at follow-up, controlling for depression at baseline (Roberts & Duong, 2014). Additionally,
individuals diagnosed with major depression during baseline data collection, excluding those
experiencing depressive symptoms, were more likely to report sleep deprivation at follow-up
(Roberts & Duong, 2014). The findings seem to suggest a reciprocal association between sleep
deprivation and major depression, with an increased risk of major depression in individuals with
less time asleep. Furthermore, those diagnosed with major depression will then experience
reduced quantity of sleep.
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The relationship between sleep and symptoms of an affective disorder has additionally
been studied in individuals with post-traumatic stress disorder (PTSD). One study found a
significant association between severity of PTSD symptoms and sleep quality (McCarthy,
Deviva, Norman, Southwick, & Pietrzak, 2019). In addition, sleep quality had a strong negative
correlation with depressive symptoms, as well as with physical and mental health functioning
(McCarthy et al., 2019). Another study demonstrated significant negative correlations between
PTSD, anxiety, and sleep quality (Mantua, Helms, Weymann, Capaldi, & Lim, 2018). The study
specifically found a significant association between poor sleep quality and anxiety (Mantua et
al., 2018). Research has indicated a relationship between sleep, PTSD, and anxiety- and
depressive-like symptoms in human studies.
Sleep Architecture as a Consequence of Anxiety-provoking Events
An individual’s sleep has been shown to alter following anxiety-provoking events,
especially traumatic experiences. Research has suggested that the development of PTSD can be
predicted by the subjective reports of sleep disturbances following a traumatic experience
(Koren, Arnon, Lavie, & Klein, 2002). This indicates the significant involvement of sleep
abnormalities in the development of PTSD. One study found that PTSD development was
associated with fragmented and shorter periods of REM sleep following a traumatic injury
(Mellman, Bustamante, Fins, Pigeon, & Nolan, 2002). In this study, sleep was measured by
using polysomnographic recordings following about a month after the injury, and PTSD
symptoms were assessed by collecting subjective measures from participants (Mellman et al.,
2002). This finding highlights the importance of REM sleep in individuals with the likelihood to
develop PTSD, as well as confirms the use of the RSD as an animal model of PTSD.
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Sleep architecture has been examined following fear conditioning in experimental
animals, which can be translated to a traumatic experience in people. One study found that
following fear conditioning, REM sleep was the most vulnerable sleep state to change across
several mouse strains (Sanford, Tang, Ross, & Morrison, 2003). This included a decrease in total
REM time, frequency of REM episodes, and REM percentage in the light period, which is the
animals’ normal time for sleep. Furthermore, researchers found that this was the same for the
fear-conditioned mice after presentation of the fearful cue (Sanford et al., 2003). Another study
found that the duration of REM sleep was significantly shorter in a mouse model of high anxiety
as compared to a low anxiety mouse model (Jakubcakova, Flachskamm, Landgraf, & Kimura,
2012). These indicate a relationship between REM sleep and anxiety, although further
investigation is necessary to definitively determine causality.
Animal Models of Negative Affect and its Relationship to Sleep
Similar to research with human participants, animal studies have demonstrated a
connection between sleep disruption and anxiety. Silva et al. (2014) identified a significant
increase in anxiety-like behaviors in the open field test (OFT) and elevated plus maze (EPM)
after being deprived of REM and slow wave sleep for 72 hours when compared to the control
group that was kept in their home cages. These anxiety-like behaviors consisted of increased
time spent close along the wall of the OFT apparatus, as well as more time spent in the closed
than open arms in the EZM. The elevated zero maze (EZM) is another variation of the EPM and
was utilized in the current study to assess anxiety-like behaviors in subjects. In the EZM,
administration of Diazepam, which is a benzodiazepine that is used to treat anxiety disorders,
increased time spent in the open areas of the maze, which supports the validity of this behavioral
task to measure anxiety-like behaviors (Braun, Skelton, Vorhees, & Williams, 2011). In another
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study, Vollert et al. (2011) found that serum corticosterone, which is released in response to
stress and anxiety, increased following sleep deprivation. These findings are consistent with
those from human studies and seem to indicate a significant relationship between sleep and
anxiety, specifically reduced sleep quantity inducing higher levels of anxiety.
Similar to animal studies focused on anxiety-like behaviors, research seems to show a
relationship between sleep and depressive-like behaviors. One study looked at the effects of total
RSD for 5 consecutive days on the OFT, forced swimming test (FST), and sucrose preference
test (SPT) to examine depressive-like behaviors in male mice (Wang, Chen, Zhang, & Wang,
2017). The FST has been shown to be a valid measure for an animal model of depression, given
its correlation with other depressive-like behaviors (anhedonia), as well as findings displaying
the reduction of immobility by the administration of antidepressants (Yankelevitch-Yahav,
Franko, Huly, & Doron, 2015). Researchers found that RSD resulted in significant impairments
in locomotor activity in the OFT, increased the duration of immobility in the FST, and reduced
sucrose preference in mice, indicating the presence of depressive-like behaviors (Wang et al.,
2017). Although the behavioral measures utilized have been shown to reliably change behaviors
given psychopharmacological substances (Yankelevitch-Yahav et al., 2015), it is still important
to consider whether the affective states of animals are being accurately captured. Nevertheless,
these findings are in line with those from human studies demonstrating a link between sleep and
depressive mood.
Most animal studies conducted on the effects of RSD on anxiety- and depressive-like
behaviors have used only male subjects. One study has shown sex differences in the effects of
RSD on anxiety-like behaviors (Gonzalez-Castañeda et al., 2016). Researchers separated
subjects into three conditions (both male and female): control group, 48h RSD, and 96h RSD. To
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analyze the immediate effects of RSD, researchers used the OFT, EPM, and FST. To examine
the persistent effects of RSD, researchers looked at the consumption of sucrose for 10 days
following the RSD. The results displayed that female subjects in the 96h RSD condition showed
a significant increase in corticosterone levels compared to male mice, suggesting higher levels of
stress. In the OFT and EPM, female mice in both RSD conditions displayed more anxiety-like
behaviors compared to the male mice in both RSD conditions (Gonzalez-Castañeda et al., 2016).
Compared to the male mice in both RSD conditions, the control mice displayed more depressivelike behaviors in the FST, which contradicts previous studies (Gonzalez-Castañeda et al., 2016;
Wang et al., 2017). However, female rats responded differently to varying amounts of RSD.
Female mice in the 48h RSD condition showed a decrease in depressive-like behaviors compared
to females in the control and 96h RSD conditions. Finally, RSD in both male and female mice
significantly reduced sucrose consumption in the SPT (Gonzalez-Castañeda et al., 2016). While
these findings describe the results of extended RSD, the effects of short-term RSD on these tasks
is currently unknown. Furthermore, the inconsistency in results compared to previous studies
requires further investigation.
Previous Experimental Designs
In previous experimental designs, animal subjects remained in the RSD apparatus for up
to 5 days. This prolonged amount of time in a stressful environment without much movement
could have increased the anxiety- and depressive-like behaviors, as opposed to the reduction in
REM itself. Research has revealed that corticosterone release is significantly elevated following
both 1 and 3 days of continuous REM sleep deprivation, which further supports the stance that
extended exposure to the RSD apparatus can influence the presumed affective state of animals
(Gao, Akers, Roberts, & El-Mallakh, 2017). Previous studies have demonstrated that a much
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briefer period of RSD – only 6 hours – can impair extinction of conditioned fear in male rats
(Hunter, 2018). Such findings report that 6 hours of RSD can affect learning and memory,
suggesting that short-term RSD can have similar effects on anxiety- and depressive-like
behaviors. This highlights the importance of utilizing a more naturalistic sleep deprivation
paradigm requiring only 6 hours of RSD as opposed to multiple days.
The Present Study
In my study, I examined the effects of short-term RSD on anxiety- and depressive-like
behaviors in Sprague-Dawley rats. While previous studies have shown significant effects of
extended RSD on anxiety-like and depressive-like behaviors (Silva et al., 2014; Wang et al.,
2017), this effect is likely confounded by the stress associated with extended exposure to this
apparatus. By reducing the amount of time spent in the RSD apparatus to only when rats are
expected to be sleeping, this study reduced the confounding effects of stress and improved the
face validity of the animal model. Additionally, the decrease in the duration of RSD produced a
more accurate representation of the sleep of an individual coping with PTSD. Furthermore, by
using male and female subjects, sex differences were able to be assessed.
In line with previous studies, I predicted an interaction between sleep condition and sex
on anxiety-like behaviors, in that female rats exposed to RSD would spend less time in the open
areas in the EZM than male rats exposed to RSD (Gonzalez-Castañeda et al., 2016).
Furthermore, I hypothesized a main effect of sleep condition on depressive-like behaviors in the
FST, in that subjects exposed to RSD would display greater immobility in the forced swim test
than controls (Wang et al., 2017). Finally, I predicted a main effect of sleep condition on
depressive-like behaviors in the SPT, in that both male and female RSD rats would consume less
sucrose water than male and female rats exposed to the control condition (Gonzalez-Castañeda et
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al., 2016). My study aimed to reconcile the inconsistent findings from previous research, as well
as investigate sex differences in the effects of short-term RSD as a more natural and accurate
model of PTSD.
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Methods
Subjects
A total of 32 Sprague-Dawley rats were used in this experiment, with 16 male and 16
female rats. Half of the male and half of the female rats were exposed to RSD, and the other half
were exposed to the control condition. All animals were purchased from Envigo at
approximately 7 weeks of age and acclimated to the vivarium for 2 weeks prior to the start of the
experiment. The rats were housed in pairs, and given food (Envigo Laboratory Environment) and
water ad libitum. Approval from Seton Hall University’s Institutional Animal Care and Use
Committee (IACUC) was obtained prior to the purchase of the animals and data collection.
Materials and Procedure
REM Deprivation. The flowerpot technique (Mendelson et al., 1974) was utilized to
produce the REM sleep deprivation in rats. The subject was placed on an inverted flowerpot
(5.50 in high x 3.3 in diameter) that was placed inside a trash bin (19 in x 13 in) that was filled
with water up to approximately an inch below the platform. This technique allowed for the
experimental animals to go through the NREM stages of sleep, but prevented the rat from
entering REM sleep. During the NREM stages, the rat was able to retain muscle tone to stay on
top of the flowerpot. However, the onset of the REM stage produced loss of muscle tone, causing
subjects to lose their balance and wake up before experiencing any REM sleep (Mendelson et al.,
1974). For the subjects in the control condition, they were in a trash bin as well, but were resting
on top of an inverted pie dish (1.5 in high x 8 in diameter) and the bin was filled with water up to
about an inch below the surface. The larger platform allowed rats to receive both NREM and
REM sleep stages, which made it an appropriate control condition. On top of every one of the
trash bins, a laundry basket with holes was placed to prevent rats from jumping and escaping the
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apparatus. Animals were placed in the apparatus between the hours of 10:00 and 16:00.
Elevated zero maze. The elevated zero maze (EZM) was made in-house of black acrylic
with a circular track 10 cm wide, 99 cm in diameter, and raised 41 cm from the floor. The track
was split into four quadrants of equal lengths, alternating between black acrylic walls 29 cm in
height and no walls. Trials were recorded with a GoPro camera mounted above the maze. A 5minute trial was administered under dim lighting in order to diminish the anxiogenic effects of
high illumination (Mohammed, Alugubelly, Kaplan, & Carr, 2018), with the animal placed in the
center of the closed half. Dependent measures were start latency (time it takes for subject to first
leave the closed segment), head dips (bending head downward in the open segments), stretchattend postures (extending front of body towards open area and keeping hind-end in closed area),
and percentage of time in the closed areas. These variables were observed in order to determine
how several aspects of behavior were being affected, as opposed to inferring an animal’s state
based on a single measure (Mohammed et al., 2018). These behavioral parameters were also
determined following the pilot study, which can be seen in Appendix A. Between trials, the maze
was cleaned with a 10% ethanol solution.
Forced swim test. The forced swim test (FST) was administered to evaluate depressivelike behaviors, specifically immobility, which is inferred as a state of hopelessness
(Yankelevitch-Yahav et al., 2015). The FST consists of a habituation phase on the day prior to
the test session, which was conducted following the elevated zero maze. During the habituation
phase, rats were placed in an empty white trash bin (19 in x 13 in) for 15 minutes to acclimate
them to the apparatus. During the test phase, the bin was filled with lukewarm water and rats
were placed in the water for a total of 5 minutes. A GoPro camera was utilized to record the test
sessions. One dependent measure was amount of time spent immobile, which was
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operationalized as subjects making minimum movement to remain afloat (Yankelevitch-Yahav et
al., 2015). The second dependent measure was latency until rats became immobile.
Sucrose preference test. The sucrose preference test (SPT) was used to measure
anhedonia, the loss of pleasure (Wang et al., 2017), which is a feature of depression. There were
four phases of the SPT, separated into a habituation, pre-exposure, during sleep treatment, and
post-sleep condition phase. Water bottles were weighed before and after each session, with each
session taking place between the hours of 17:00 and 19:00. During the sessions for the SPT, rats
were placed individually in separate cages. Habituation lasted for 3 days and consisted of placing
rats in the cages with two bottles filled with water. This was to habituate rats to the presence of
two bottles, as well as to evaluate a possible preference for location. Pre-exposure lasted 2 days,
with the purpose of this phase being to introduce animals to sucrose water to become familiar
with it. In this phase, subjects were placed individually in cages with two 50 mL bottles: one of
them was filled with distilled water and the other one contained sucrose (commercial cane sugar)
dissolved in distilled water. To prevent habituation to the sucrose water due to extended
exposure across the experimental days, the concentration gradually increased by 0.5% every 4
days, starting with 1% on day 4 and ending with 2% on day 15. The sucrose concentration
schedule was determined from the pilot study, which is included in Appendix A. Bottle positions
were swapped in a random order on each experimental day to eliminate any place preference.
The sucrose consumption on the second day of pre-exposure was recorded as baseline sucrose
preference. The third phase began during the sleep treatment and was conducted daily after each
of the 5 days that rats are exposed to the sleep manipulation. The procedure remained the same
as that of the pre-exposure phase. The final phase started immediately after the EZM and FST on
the day with the final session of the sleep manipulation and followed the same procedure. This
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phase lasted 5 days, in which sucrose consumption was measured for five additional days to
assess potential long lasting depressive-like effects of RSD.
Figure 1 displays the entire experimental timeline below. As mentioned above, the SPT
began prior to and continued throughout the sleep manipulation phase, in which subjects were
placed into the SPT after the sleep manipulation session each day of that phase. On Day 9, all
rats underwent a habituation phase for the FST apparatus. On the final day of the sleep
manipulation phase (Day 10), subjects were tested in the EZM and FST prior to being placed in
the SPT, which continued for another 5 days afterwards. The gradual increase in sucrose
concentration across the experimental days is shown in Figure 2.
Figure 1
Experimental Timeline

Figure 2
Sucrose Concentration across Days
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Data Analysis
Start latency, head dips, stretch-attend postures, and percent of time in the closed area
was observed in the EZM as a measure of anxiety-like behaviors. Lower frequency of head dips
and stretch-attend postures, as well as a higher start latency and percentage of time in the closed
area indicate higher levels of anxiety (Mohammed et al., 2018). Latency to immobility and
duration of immobility was assessed in the FST, with greater values indicating hopelessness,
which is a common symptom for depression (Yankelevitch-Yahav et al., 2015). These variables
for the EZM and FST were coded using Behavioral Observation Research Interactive Software
(BORIS; Friard & Gamba, 2016), an open-source-event-logging program.
The EZM and FST videos were coded for interrater reliability between three trained
coders, with the videos split by sex for two of the coders. The two coders were blinded to
experimental conditions. A preset reliability criterion of correlation greater than .9 was set and
met . The mL of drinking water and sucrose concentrated water consumed on each of the 10 test
days was measured and analyzed for any differences between groups. Sucrose water
consumption was measured in the SPT and transformed into a preference score, calculated as
Preference = Sucrose Water Consumed / Total Consumption *100, with a preference score
above .5 indicating preference for sucrose water. Data were analyzed on Jamovi Version 1.0.7.
To compare anxiety- and depressive-like behaviors between sex and sleep conditions, the
dependent measures in the EZM and FST were analyzed using a 2 X 2 (Sex X Sleep Condition)
analysis of variance (ANOVA). Sucrose preference score across days in the SPT was analyzed
using a 2 X 2 X 11 (Sex X Sleep Condition X Experimental Day) mixed methods ANOVA.
Follow-up 2 X 11 (Sleep Condition X Experimental Day) ANOVAs were conducted separately to
further investigate male and female rats in the SPT. Values of p < .05 were considered
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statistically significant, and partial eta squared (η2p) was used to a measure effect size for the
ANOVAs, with effect sizes labeled as small (η2p = 0.01), medium (η2p = 0.09), or large (η2p =
0.25) (Field, 2013).
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Results
The primary question of this experiment was whether there were sex differences in the
effects of RSD on anxiety- and depressive-like behaviors. It was expected that there would be an
interaction between sleep condition and sex on anxiety-like behaviors in the EZM, in that female
rats would exhibit greater anxiety-like following RSD, as compared to male rats (GonzalezCastañeda et al., 2016). Furthermore, consistent with previous studies (Wang et al., 2017;
Gonzalez-Castañeda et al., 2016), I predicted a main effect of sleep condition on depressive-like
behaviors in the FST and SPT, in that both male and female rats would exhibit greater
immobility and consume less sucrose water following RSD as compared to control rats. My
study further investigated the ways in which male and female rats might differ in the effects of
short-term RSD on anxiety- and depressive-like behaviors.
Elevated Zero Maze
In the EZM, anxiety-like behaviors were measured by assessing start latency, head dips,
stretch-attend postures, and percent of time in the closed areas. 2 rats (both male; 1 RSD, 1
control) out of the 32 subjects in the study did not leave the maze and therefore, did not have data
for start latency, although other data points were used from the subjects. Table 1 below displays
the mean and standard error of the mean for the dependent variables. Although there appears to be
a difference, male and female rats did not exhibit statistically significant differences in start
latency, as seen in Figure 3 [F(1, 26) = 1.98, p = .17, η²p = .07]. Furthermore, sleep condition did
not have a main effect on start latency [F(1, 26) = 0.14, p = .71, η²p = .005]. There was no sex by
sleep condition interaction in start latency [F(1, 26) = 0.03, p = .87, η²p = .001]. Neither sex nor
sleep condition had a main effect on number of head dips in the EZM, as seen in Figure 4 [F(1,
28) = 0.01, p = 0.93, η²p = 0.00; F(1, 28) = 1.94e-30, p = 1.0, η²p = 0.00]. There was no interaction
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between sex and sleep condition in frequency of head dips [F(1, 28) = 0.71, p = .41, η²p = .03].
There was no main effect of sex or sleep on number of stretch-attend postures, [F(1, 28) = 1.99, p
= .17, η²p = .07; F(1, 28) = 0.001, p = .97, η²p = 0.00; Fig. 5]. Similarly, the interaction between
sex and sleep conditions was not significant for frequency of stretch-attend postures [F(1, 28) =
1.06, p = .31, η²p = .04]. Finally, there was no significant difference between male and female rats
with percentage of time spent in the closed areas of the EZM [F(1, 28) = 0.07, p = .80, η²p = .002;
Fig. 6]. Furthermore, sleep condition did not have a main effect on percentage of time spent in the
closed areas [F(1, 28) = 0.50, p = .49, η²p = .02]. The interaction between sex and sleep conditions
was not significant [F(1, 28) = 0.35, p = .56, η²p = .01].
Table 1
Mean and Standard Error of the Mean of Dependent Variables in Elevated Zero Maze

Sex
Mean ±

Female

Standard
Error of
Mean

Male

Time in
closed

Head dips

Stretchattend
postures

RSD

85.6±3.09

10.1±1.86

11.1±1.36

29.3±12.1

control

81.1±3.26

8.88±1.33

9.38±1.40

24.9±11.9

RSD

84.5±3.64

8.75±1.45

11.8±1.91

64.0±20.9

control

84.0±3.88

10.0±1.21

13.4±1.81

52.2±37.7

Sleep
condition

Start
latency

Figure 3
Start Latency in Elevated Zero Maze

Note. The values are presented as the mean and error bars represent standard error of the mean.
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Figure 4
Percentage of Time in Closed Areas of Elevated Zero Maze

Note. The values are presented as the mean and error bars represent standard error of the mean.

Figure 5
Head Dips in Elevated Zero Maze

Note. The values are presented as the mean and error bars represent standard error of the mean.

Figure 6
Stretch-attend Postures in Elevated Zero Maze

Note. The values are presented as the mean and error bars represent standard error of the mean.
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Forced Swim Test
Table 2 below displays the mean and standard error of the mean for the dependent
variables. A two-way between-subjects ANOVA revealed a significant main effect of sex on
duration of immobility in the forced swim test, such that male subjects were spending more time
immobile than female rats [F(1, 28) = 12.51, p = .001, η²p = .31; Fig. 7]. However, there was no
significant difference between sleep conditions in duration of immobility [F(1, 28) = 1.75, p
= .197, η²p = .06], as well as no significant interaction between sex and sleep condition [F(1, 28)
= 0.26, p = .61, η²p = .01].
In regard to latency to immobility, sex did not have a main effect on this variable [F(1,
28) = 2.43, p = .13, η²p = .08; Fig. 8]. Sleep condition did not produce significant differences
between groups in latency to immobility [F(1, 28) = 1.24, p = .27, η²p = .04]. Finally, there was
no significant interaction between sex and sleep condition on latency to immobility [F(1, 28) =
0.01, p = .94, η²p = .00].
Table 2
Mean and Standard Error of the Mean of Dependent Variables in the Forced Swim Test
Sex
Mean ±

Female

Standard
Error of
Mean

Male

Sleep condition

Time immobile

Latency to immobility

RSD

35.0±9.71

43.2±9.31

control

73.4±13.1

51.5±8.67

RSD

119±28.6

30.1±7.02

control

137±26.0

39.6±6.63

Figure 7
Time Spent Immobile in Forced Swim Test
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Note. The values are presented as the mean and error bars represent standard error of the mean.

Figure 8
Latency to Immobility in Forced Swim Test

Note. The values are presented as the mean and error bars represent standard error of the mean.

Sucrose Preference Test
The SPT was used to test anhedonia, which is another core symptom of depression
(Wang et al., 2017). It was expected that both male and female rats in the RSD condition would
drink less of the sucrose water than rats in the control group, exhibiting greater levels of
anhedonia. Table 3 below displays the means and standard errors of the sucrose preference
scores across the experimental days. There was a total of 23 missing data points (3 male; 20
female). A three-way repeated measures ANOVA with experimental days (5-15) as a within22

subjects factor and sex (male, female) and sleep condition (RSD, control) as between-subjects
factors revealed a main effect of days on sucrose preference [F(10, 190) = 3.94, p < .001, η²p
= .17; Fig. 9]. This was qualified by a significant interaction among days, sex, and sleep
condition [F(10, 190) = 2.14, p = .02, η²p = .10]. The interactions between days and sex, as well
as days and sleep condition, were not significant [F(10, 190) = 1.15, p = .33, η²p = .06; F(10,
190) = 1.46, p = .16, η²p = .07]. Sex did not have a main effect on sucrose preference [F(1, 19) =
1.42, p = .25, η²p = .07]. There was a trend towards a main effect of sleep condition with a small
effect size [F(1, 19) = 4.10, p = .057, η²p = .18], and a significant interaction between sex and
sleep condition [F(1, 19) = 4.27, p = .053, η²p = .18].
Table 3
Mean and Standard Error of the Mean of Sucrose Preference Score Across Days
Sex

RSD

Female

Standard
Error of

Male

the Mean

Female

Male

Sleep
condition

Day 5

Day 6

Day 7

Day 8

Day 9

Day 10

RSD

72.6±4.71

57.0±8.77

57.6±5.44

67.7±6.34

70.8±4.52

58.3±13.6

control

62.9±9.87

57.5±11.4

68.2±5.91

71.8±7.33

80.1±5.72

79.1±12.3

RSD

67.1±9.76

28.3±10.9

59.6±14.2

75.0±8.12

51.4±8.25

74.1±6.05

control

63.0±10.1

72.7±13.4

69.9±8.80

80.7±4.09

88.3±4.26

81.6±9.04

Day 11

Day 12

Day 13

Day 14

Day 15

RSD

77.3±11.6

87.1±4.27

82.5±7.25

67.1±11.1

77.2±9.45

control

81.4±5.77

77.2±7.32

68.0±13.3

59.1±18.3

86.4±3.41

RSD

76.6±6.10

81.1±6.26

48.6±14.7

86.4±3.94

86.6±3.46

control

88.4±5.43

88.5±2.58

91.0±6.21

90.4±1.94

92.5±1.29

To further investigate the three-way interaction, two separate mixed method ANOVAs
were conducted for male and female rats. There was no main effect of days or sleep condition in
female rats [F(10, 70) = 1.18, p = .32, η²p = .15; F(1, 7) < 1 , p = .98, η2p = .00]. The interaction
between days and sleep condition was also not significant [F(10, 70) = 1.20, p = .30, η2p = .15].
However, there was a main effect of days for male subjects [F(10, 120) = 4.84, p < .001, η2p
= .29], as well as a main effect of sleep condition for male rats [F(1, 12) = 9.54, p = .009, η2p
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= .44]. The interaction between days and sleep condition was significant [F(10, 120) = 2.67, p
= .006, η2p = .18], such that male RSD rats exhibited lower sucrose preferences on some days as
compared to male control rats.
Figure 9
Sucrose Preference Score Across Days

Note. The shaded area indicates the days that the rats were exposed to the sleep condition.
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Discussion
This study is the first to evaluate the effect of short-term RSD on anxiety- and
depressive-like behaviors in both male and female rats. RSD did not significantly influence
anxiety-like behaviors in the EZM, as measured by start latency, head dips, stretch-attend
postures, and percentage of time in the closed areas. This suggests that RSD does not produce an
effect on anxiety-like behaviors in either male or female rats, at least as measured by the EZM.
This is in contrast to previous studies showing that RSD increased anxiety in female but not male
rats (Gonzalez-Castañeda et al., 2016). Therefore, the results do not support the first hypothesis,
which predicted an interaction between sleep condition and sex on anxiety-like behaviors in the
EZM, in that female rats would exhibit higher levels of anxiety following RSD.
Previous studies investigating RSD in animals utilized a method that allowed subjects to
remain in the RSD apparatus for a longer duration, sometimes up to multiple days. The subjects
in this study were in the sleep manipulation session for a duration of 6 hours and then returned to
their home cages during their wake time to reduce the confounding effect of stress from extended
exposure to the apparatus. Therefore, the findings indicate that lack of REM sleep may not be
involved in producing anxiety-like behaviors, and that the experimental methods utilized in
previous studies prolonging exposure to RSD may have influenced the presentation of anxietyrelated behaviors. Despite not establishing a relationship between sleep and anxiety in this study,
research still demonstrates links between sleep and fear, which is a concept that is relevant to
anxiety. In one study, mice exhibited a decrease in REM stage of sleep following fear
conditioning, which indicates that the REM sleep stage can undergo a reduction after being
exposed to fear-related associations (Qureshi & Jha, 2017). Furthermore, a study conducted with
human participants assessed sleep prior to and following fear conditioning (Lerner et al., 2017).
The results revealed that individuals obtaining higher baseline levels of REM sleep presented
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lower levels of fear-related activity during conditioning, specifically in the hippocampus,
amygdala, and ventromedial prefrontal cortex (Lerner et al., 2017). These findings suggest the
role of REM sleep in potentially determining resilience to trauma, or the possible development of
PTSD after a traumatic event. Additional research has shown that compared to male participants,
female subjects have reported a significant increase in self-reported measures of anxiety-related
symptoms following sleep deprivation (Goldstein-Piekarski et al., 2018).
The findings also revealed that male rats spent more time immobile in the FST,
suggesting more depressive-like behaviors. Previous studies obtained results indicating that
female rats display more depressive-like behaviors in the FST, which was not replicated in the
current study (Dalla, Pitychoutis, Kokras, & Papadopoulou-Daifoti, 2009). However, no effect of
RSD was found in the FST results. The second hypothesis predicted a main effect of RSD on
depressive-like behaviors in the FST, in that RSD rats would exhibit a longer duration of time
spent immobile, similar to past findings (Wang et al., 2017). The results do not support the
hypothesis, and also do not share similarities to previous studies. One study revealed that 48 and
96-hour RSD decreased immobility in the FST in male rats, while only 48-hour RSD female rats
exhibited a reduction in immobility (Gonzalez-Castañeda et al., 2016). In the present study, male
rats did not display decreased immobility following RSD, but female rats did display
significantly less immobility, although RSD did not have an effect.
There is research that demonstrates that acute episodes of sleep deprivation can reduce
subjective reports of depression, proposing it can be useful in reducing depressive symptoms
(Gerner et al., 1979). However, sleep deprivation has been shown to increase subjective reports
of anxiety and depressive-like symptoms in healthy individuals (Babson et al., 2010), with sleep
deprivation therapy being effective only in individuals diagnosed with depression (Gerner et al.,
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1979). More recent studies have manipulated several variables to evaluate prolonging the
effectiveness of sleep deprivation therapy, including different light conditions and medication
administration (Wehr et al., 1985; Ramirez-Mahaluf et al., 2020). The recent research has
revealed that the antidepressant effects of sleep deprivation therapy can be extended with a
combination of medication, when treating depressive symptoms in psychological conditions such
as bipolar disorder (Ramirez-Mahaluf et al., 2020). Sleep deprivation therapy seems to be
effective with an immediate response when compared to other treatments, which can be helpful
when paired with the long-term beneficial effects of medication. Although research has
demonstrated effectiveness in sleep deprivation therapy, the beneficial effects are not longlasting. Therefore, it is not a very practical treatment since individuals cannot remain awake for
an indefinite period of time.
Female subjects in the present study did not display depressive-like behaviors in the SPT,
which is consistent with the FST results. Overall, there seemed to be a gradual increase in
sucrose preference, with male RSD rats fluctuating across the days. Compared to male control
subjects, male RSD rats exhibited a significant reduction in sucrose preference immediately
following the first session of RSD, as well as a delayed decrease occurring after the 5-day sleep
manipulation phase. These appear to be transient declines in sucrose preference, as the effect
does not persist following those days. Therefore, the third hypothesis is partially supported, since
there are effects of short-term RSD on the presumed affective state in male rats.
There is always the possibility of alternate explanations for the obtained results. First is
the possibility that ambient noise in the laboratory disrupted sleep in both the RSD and control
conditions. There were laboratory courses and other experiments occurring simultaneously in the
laboratory in which this experiment was being conducted. Although it was attempted to keep the
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noise at a minimum, there is the possibility that unexpected noises could have disrupted the sleep
of animal subjects in both conditions, therefore potentially influencing the dependent variables as
well. Additionally, although the FST and SPT are utilized to measure depressive-like behaviors,
they are essentially examining different behaviors in the animal. The FST is used to assess
hopelessness by observing immobility, which can be an aversive task, while the SPT is used to
evaluate anhedonia by measuring sucrose consumption. Furthermore, this experimental design
utilized the SPT to capture the affective state of the animal throughout the experiment, totaling
up to eleven days used for the data analysis. The EZM and FST were administered on the final
day of the sleep manipulation phase, allowing us to only observe their behaviors in those specific
tasks on one occasion. The SPT results did not indicate depressive-like behaviors on that specific
day, which could explain why there was not a main effect of sleep condition in the FST. Previous
research has suggested that a 5-day period of RSD can produce delayed effects on presumed
affective states of subjects (Chen et al., 2016). Subjects exhibited an increase in immobility in
the FST, as well as a decrease in sucrose preference in the SPT approximately one week after
RSD, indicating delayed effects (Chen et al., 2016). Additional studies have demonstrated that
behaviors remain consistent through multiple trials in the EZM, which reveals its advantage to be
administered several times (Tucker & McCabe, 2017). Furthermore, although there are studies
demonstrating the reliability of the behavioral tasks measuring depressive-like behaviors
(Yankelevitch-Yahav et al., 2015), there still remains the debate of whether these measures are
able accurately capture the affective states of subjects. These behavioral tasks have also
demonstrated inconsistencies across laboratories (Tucker & McCabe, 2017; Braun et al., 2010),
yet displayed no sensitivity to any manipulations in the pilot or current study, suggesting the
possibility that they were ineffective in measuring the affective state it was intended to.
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Therefore, future studies can include several directions, with one consisting of the utilization of
an extended experimental timeline with repeated administration of behavioral tasks to capture
both immediate and delayed effects of short-term RSD on the affective states of animal subjects.
Another direction could comprise of additional sleep conditions in order to demonstrate that
prolonged RSD can increase measures on the tasks, while the short-term RSD used in the current
study does not increase the measures. Therefore, it could then be established that the tasks
utilized do indeed evaluate anxiety- and depressive-like behaviors, and that the RSD method
used in the present laboratory was different from previous studies that consisted of a technique
with extended exposure to a stressful environment, which may have influenced the effects seen
from prolonged RSD (Silva et al., 2014; Gonzalez-Castañeda et al., 2016).
In the present study, behavioral state was observed following RSD sleep manipulation (or
control conditions) that were meant to represent the sleep disturbances present in the
development of PTSD. However, it is also important to keep in mind that PTSD is a disorder that
primarily involves the formation of a form of fear association, which can be studied by fear
conditioning in animal behavioral research (Rothbaum & Davis, 2003). In order to more
precisely represent the clinical diagnosis, perhaps future research can evaluate the effects of RSD
on both fear associations and affective states of animals. A past study discovered that RSD does
not produce an effect on fear conditioning in female rats, specifically that extinction to a fearrelated stimulus was not disrupted as it is in male rats following RSD (Hunter, 2018). One
possibility is that REM sleep disturbances are not involved in the development of PTSD for
female subjects, which supports why REM sleep deprivation does not disrupt extinction to a
fear-associated stimulus. A study examining gender differences in sleep of individuals with
PTSD revealed that female participants with PTSD experienced a greater duration of REM sleep
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than controls, while men had a lower amount of REM sleep, although this finding was trending
towards statistical significance (Richards et al., 2013). Another study found that REM percentage
was higher in women with PTSD, supporting the idea that REM sleep may function differently
between genders (Kobayashi & Mellman, 2012). Nonetheless, the majority of research does
support that REM sleep disturbances following a traumatic event do eventually influence the
development of PTSD at a later time (Mellman et al., 2002; Mellman, Pigeon, Nowell, & Nolan,
2007; Habukawa, Uchimura, Maeda, Ogi, Hiejima, & Kakuma, 2018), yet future studies can
perhaps utilize sex-specific animal models to further investigate sex differences in psychological
disorders. Research has already demonstrated a presence of sex differences in sleep, such that
female animals receive less time of NREM and REM sleep during the proestrus phase of the
estrous cycle (Swift et al., 2020). By keeping track of the estrous cycle throughout the entire
experimental timeline, future studies can more accurately determine the influencing factors of an
animal’s behavioral state, as well as further investigate the underlying biological reasons behind
sex differences in the role of sleep and psychological conditions.
In regard to REM sleep and PTSD, is also important to consider the role that REM sleep
and memory play in PTSD symptomology. If disruptions to REM sleep are not present in women
diagnosed with PTSD, then it seems as though memory would not be heavily influenced by a
variable such as sleep. Furthermore, there is substantial evidence revealing that there is a high
rate of comorbidity of PTSD and major depression (Flory & Yehuda, 2015). Women have shown
to ruminate more following negative life effects, as well as when coping with depression, which
can make sense if there are cases in which there is a comorbidity of PTSD (Nolen-Hoeksema,
Grayson, & Larson, 1999; Charak, Armour, Elklit, Angmo, Elhai, & Koot, 2014; Shors, Millon,
Chang, Olson, & Alderman, 2017). Understanding the role of sleep and memory in how it can
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influence symptoms, especially between sexes, can allow researchers to further develop effective
interventions for the reduction of such symptoms.
The findings from the present study reveal that REM sleep restriction does not produce
anxiety-like behaviors in animals, suggesting that disturbances to REM sleep may not influence
anxiety-related symptoms. Therefore, it seems possible and even likely that disruptions to
NREM sleep may be involved in the increase of anxiety previously established in prior studies
(Cox & Olatunji, 2016; Minkel et al., 2012). However, the current findings demonstrate that
there are fluctuations in depressive-like behaviors during and following the REM sleep
deprivation phase for male subjects, indicating sex-specific temporary variations in behavioral
effects. These behaviors may have not been replicated in female subjects due to the pre-existing
sleep alterations throughout the estrous cycle, which was not tracked throughout the study.
In conclusion, the present study evaluated sex differences in the effects of short-term
RSD on anxiety- and depressive-like behaviors. Following RSD, there was no difference
between experimental groups on anxiety-like behaviors in the EZM. In the FST, female subjects
displayed less depressive-like behaviors by having significantly less time immobile, while sleep
condition did not have an effect in this task. However, male RSD rats had transient increases in
the SPT, although these were not lasting effects. Future studies can explore the reasons behind
these sex differences in affective states following RSD, including the repetition of behavioral
tasks to better capture the state of animals across the experimental timeline.
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Appendix A – Pilot Study
The purpose of the pilot study was 1) to evaluate if different light conditions and heights
have an effect on the anxiety-like behaviors in the elevated zero maze (EZM) like findings had
suggested from previous studies (Mohammed, Alugubelly, Kaplan, & Carr, 2018) and 2) to
examine if the preference to sucrose water would decrease on a constant sucrose concentration
schedule and if a gradual increase in concentration would stabilize the preference.
Elevated zero maze
A total of 16 male rats were used to pilot the EZM, with a 2 (Lighting condition: Bright,
Dim) X 2 (Maze height: Tall, Short) design with 4 rats per condition. The start latency,
percentage of time in closed area, head dips, and stretch-attend postures were measured in a 5
minute trial recorded in the EZM. For start latency, there was no main effect of lighting
condition or maze height [F(1, 3) = 0.40, p = .64, η²p = .29; F(1, 3) = 0.10, p = .80, η²p = .09].
There was also no main effect of light condition or maze height on percentage of time in closed
area [F(1, 3) = 0.02, p = .91, η²p = .02; F(1, 3) = 0.00, p = 1.0, η²p = .00]. There was also no
significant differences between lighting and height conditions in head dips [F(1, 3) = 0.002, p
= .97, η²p = .002; F(1, 3) = 1.0, p = .50, η²p = .50], as well as in stretch-attend postures [F(1, 3) =
0.82, p = .53, η²p = .45; F(1, 3) = 1.20, p = .47, η²p = .55]. Although the results indicate that
lighting and height conditions did not influence anxiety-like behaviors, it was ultimately decided
to use the dim lighting and short maze height conditions to ensure that there would be no
confounding variables. Furthermore, the statistical power was low given the small number of
subjects, which ultimately led to the decision of using the dim and short condition.
Figure 10
Start Latency in Elevated Zero Maze Pilot
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Figure 11
Percentage of Time in Closed Areas in Elevated Zero Maze Pilot
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Figure 12
Head Dips in Elevated Zero Maze Pilot
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Figure 13
Stretch-attend Postures in Elevated Zero Maze Pilot
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Sucrose preference test (SPT)
A total of 4 rats were used for this pilot study, split into two different sucrose
concentration schedules. Subjects were habituated to the SPT for three days prior to the
introduction to sucrose concentrated water, which consisted of a 2 hour session placed
individually in separate cages and presented with two bottles. Half of the rats continued
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throughout the entire 12 days remaining at 1% sucrose concentrated water, while the other two
subjects experienced a gradual increase of 0.5% every 4 days, ending with 2.0% on the final 4
days. Since the statistical power is extremely low in the pilot, the data was observed directly. It
could be seen that subjects with the continuous administration of 1% sucrose concentration
seemed to habituate to the sucrose water, which resulted in the decision to use the schedule with
the gradual increase.
Figure 14
Sucrose Preference Score Across Days in Pilot Study
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